Background: Hepatocellular carcinoma (HCC) is notoriously refractory to systemic chemotherapy, mandating an interventional approach. Mortality may be avoided by neutralizing rapidly growing tumors that approach the heart and major vessels. When the risk/benefit ratio of surgery is unacceptable, percutaneous ablation can achieve remarkable results. High volumes of flowing blood adjacent to the treatment area may impact the ability to reliably achieve an adequate ablation margin for modalities that rely on extreme temperatures to destroy malignant cells. Ethanol ablation is safe, efficacious, and unaffected by this "thermal sink" effect. This report describes a juxta-cardiac (JC) HCC in segment 4a measuring 35 × 26 mm, which exhibited rapid growth until it was abutting the pericardium and 7.5 mm from the chamber of the right ventricle (RV). Methods: One 21-gauge needle was inserted using direct CT fluoroscopy into the center of the hepatic mass. In order to confirm the position of the needle, 0.5 mL of diluted Visipaque was injected. Then, under CT fluoroscopy guidance, a mixture of 1 mL of Ethiodol and 10 mL of 98% dehydrated alcohol was slowly injected into the mass. Results: Repeat CT scan 1 month post-ablation demonstrated decreased arterial enhancement and dense Ethiodol throughout the tumor consistent with ablation. Tumor size decreased to 30 × 23 mm with a distance of 12.4 mm from the chamber of the RV. Conclusion: Pericardial involvement or large vessels near the treatment area may limit the use of thermal ablation techniques for JC HCC. Percutaneous, intratumoral ethanol injection provides safe and effective alternative that is not subject to the "thermal sink" effect.
Introduction
Primary colon, breast, and lung malignancies frequently metastasize to the liver. Hepatocellular carcinoma (HCC), however, is the most common primary hepatic malignancy. HCC is the fifth most common cancer worldwide, and the fourth most common cause of cancerrelated deaths [1] . Unfortunately, because HCC is typically diagnosed late in the course of disease, the median survival after diagnosis ranges from 6 to 20 months [2] . Chronic hepatocellular injury, most commonly from hepatitis B virus, hepatitis C virus, or all-cause cirrhosis drives development of HCC. Regeneration is accomplished by the release of bioactive factors that induce angiogenesis, hepatocyte remodeling, and cell survival. The continuously dividing cells experience genotoxic stress leading to accumulation of genetic mutations and dysplasia [3] . A universal feature of HCC is accumulation of chromosomal abnormalities leading to dysplasia, genomic instability, and malignant transformation.
HCC carcinogenesis occurs under chronic inflammatory conditions, such as those found in the livers of patients with alcoholic liver cirrhosis. Inflammation leads to focal hypoxia and necrosis, resulting in upregulation of vascular endothelial growth factor (VEGF) and other proangiogenic factors. These proangiogenic growth factors cause neovascularization, which is initiated by the destabilization of existing vessels causing "leakiness," further hypoxia, and increasing overexpression of VEGF in a positive feedback loop. Endothelial cell activation, recruitment, proliferation and organization into tumor vasculature are potentiated by this phenomenon. These abnormal vessels are stabilized by pericytes, allowing the tumor to receive blood supply [4] . The VEGF inhibitor sorafenib is the sole systemic agent with statistically significant efficacy against advanced HCC, touting a modest 44% improvement in overall survival [5] . This tyrosine kinase inhibitor is restricted to a minority of patients, as treatment may be precluded due to impaired liver function or advanced age [6] . Significant adverse effects include malaise, diarrhea, weight-loss, hand-foot syndrome, hypophosphatemia, neutropenia, and mucositis. The efficacy of sorafenib monotherapy has declined due to the emergence of tumor resistance [7] .
Indeed, HCC is notoriously unresponsive to established systemic chemotherapies. Mechanistic understanding of the molecular determinants of HCC invasiveness may guide the development of future treatments. Epithelial-mesenchymal transition (EMT) is the main process by which HCC progresses, primarily through local invasion as opposed to distant metastasis. NF-κB is a transcription factor activated under inflammatory conditions, modulating DNA transcription to resist apoptosis as well as promoting EMT [8] . EMT is multifactorial: transforming growth factor-beta levels may be increased in patients with HCC, correlating with a worse prognosis. High levels of transforming growth factor-beta reduce the expression of E-cadherin at the cell surface, mRNA, and protein levels. E-cadherin is a transmembrane protein that acts as a cell-cell anchor; thus downregulation enables EMT and aggressive metastasis of HCC [9] . In the absence of effective systemic therapy against advanced HCC, surgical and ablative modalities are the mainstay of HCC management although the extent of cirrhosis may impact prognosis and treatment considerations [10] . After resection/ ablation, underlying chronic inflammatory conditions persist, often resulting in recurrent, multifocal disease in difficult to treat locations.
This report describes a 57-year-old male with past medical history of alcoholic liver cirrhosis who went on to develop multifocal HCC. He previously underwent 2 hepatic cryoablation procedures for HCC lesions in segment II as well as segment VIII. Subsequently he developed distant recurrences and underwent 2 transarterial chemoembolization procedures. On surveillance imaging the patient was noted to have developed a non-enhancing segment IVa lesion measuring 25 × 20 mm along the cardiac border that demonstrated rapid growth (Fig. 1a-c) . Over the course of 6 months it enlarged until it was abutting the peri-cardium and measured 35 × 26 mm. It did show contrast enhancement in the arterial phase at that time (Fig. 1d) . Continued growth in this area would imminently lead to right ventricle (RV) compression and compromised cardiopulmonary function.
Materials and Methods
Witnessed, informed written consent was obtained. Moderate sedation was utilized during the performance of this procedure with pre and post administration of sedation/analgesic patient evaluation, including the monitoring of the patient's cardiorespiratory function. An independent, trained observer assisted the physician in monitoring the patient. The patient was made to lie in a supine position on the CT gantry and prepped and draped in the usual sterile fashion. Maximal sterile barrier technique was used including cap, mask, sterile gown, sterile gloves, and a large sterile sheet plus hand hygiene and 2% chlorhexidine for cutaneous antisepsis.
Limited CT images were performed to delineate the left hepatic lobe segment IVa mass and for procedure planning. The skin was marked. Using CT guidance, one 21-gauge needle was inserted using direct CT fluoroscopy into the center of the hepatic mass. 0.5 mL of diluted Visipaque was injected to confirm the positioning. Then, under CT fluoroscopy guidance, a mixture of 1 mL of Ethiodol and 10 mL of 98% dehydrated 
Results
Follow-up imaging revealed tumor ablation with shrinkage and retraction from the cardiac border (Fig. 3a-c) . Prior to the procedure, the tumor measured 35 × 26 mm and demonstrated arterial phase contrast enhancement. At that time, it was located a distance of 7.5 mm from the chamber of the RV and abutted the pericardium. One month post procedure, follow-up CT scan demonstrated Ethiodol throughout the mass and decreased arterial phase contrast enhancement. The size of the ablated tumor decreased to 30 × 23 mm. The distance of the ablated lesion to the chamber of the RV increased from 7.5 to 12.4 mm (Fig. 4a, b) .
Discussion
Increased mortality due to invasion of vital structures such as major vessels and the heart itself may result from HCC growth in the deep hepatic segments. Although surgical resection is the first-line treatment for HCC, vascular invasion, extrahepatic metastasis, poor liver reserve, or multifocal disease may preclude surgery. Transplantation may be an option for select patients; however, limited resources frequently delay this intervention. Tumor ablation may be considered to bridge patients to transplantation or as definitive treatment when transplantation is contraindicated. Percutaneous thermal techniques, such as radiofrequency ablation (RFA) and microwave ablation (MWA) are widely used for HCC. These techniques have been shown to provide long-term results comparable to surgical resection [11] . Percutaneous cryoablation (PC) is another technique increasingly employed for treatment of HCC; however, it may be precluded due to the vicinity of vulnerable structures as well as the "thermal sink" effect. This refers to the thermodynamic effect of flowing blood within major vessels on ice ball formation leading to incomplete ablation and subsequent local tumor recurrence [12] . This phenomenon affects thermal ablations in addition to PC, as large volumes of flowing blood will dissipate the heat generated to achieve cytotoxic temperatures at the tumor site [13] . Therefore, tumors in close proximity to high-flow vascular structures such as the heart or major vessels may be poor candidates for RFA, MWA, and CA. Successful eradication of HCC requires that the total tumor volume and the periphery of the tumor achieve irreversible cell death to eliminate microscopic invasion and future metastasis [14] . Thus, the ablation diameter must be wider than the diameter of the lesion itself. An ablation margin of > 5 mm is preferred to eliminate microsatellites present at the time of treatment [15] . Indeed, when the RFA ablation margin was > 3 mm in 3 dimensions, local progression was 0% compared to 26.3% when this margin was not achieved. Local progression occurred at the location of the thinnest ablative margin ∼75% of the time, and failure to achieve an adequate ablation margin was often due to "thermal sink" effect from nearby vascular structures such as hepatic arteries or portal vein [16] .
Juxta-cardiac (JC) tumor ablation may be indicated for poor surgical candidates: however, there is a need to minimize collateral damage to nearby vital structures. Concerns when utilizing thermal techniques for JC lesions include injury to coronary or cardiac tissue [17] , and local recurrence [18] . Additionally, multiple reports exist of pericardial tamponade complicating RFA of HCC lesions that abut or involve the pericardium [19] . Safety and efficacy of thermal ablation (RFA, MWA) for JC tumors were recently demonstrated to be comparable to non-JC tumors [20] . That study characterized lesions < 10 mm from the cardiac border as JC. The lesion described in this report measured 7.5 mm from the blood inside the RV. An ablative margin of 5 mm with RFA may have damaged the pericardium and the RV myocardium in this patient.
While thermal ablation has proven to be an effective form of treatment for HCC, problematic tumor location may lead clinicians to consider other techniques. Since their implementation, RFA, MWA, and PC have supplanted percutaneous ethanol injection (PEI) as the preferred modalities for percutaneous HCC ablation. PEI refers to percutaneous, intratumoral injection of highly concentrated ethanol, inducing direct damage through coagulative necrosis of tumor cells through protein denaturation, dehydration of the tumor, and microvascular ischemia. PEI has been demonstrated to be safe, effective, and inexpensive. It may be the treatment of choice for small HCC lesions particularly in resource-poor settings [21] . Potential complications of PEI include injury to the main bile duct [22] , local tumor recurrence, and systemic ethanol egress resulting in cardiopulmonary collapse [23] . Multiple treatment sessions may be required, as the diffusion capacity of ethanol is limited due to concurrent inflammation, cirrhosis, and fibrotic tissue [24] .
Dense cirrhotic tissue surrounding the tumor, however, may serve to limit extravasation of ethanol, containing the treatment to the desired area [25] . PEI demonstrates similar efficacy to RFA for HCC lesions < 2 cm and continues to be utilized for treating HCC adjacent to vulnerable structures [26, 27] . PEI is versatile: a multipronged needle with a high-dose strategy was shown to safely and effectively ablate HCC up to 5.0 cm in diameter. The multipronged device was implemented to avoid incomplete ablation due to intratumoral septations [28] . PEI is not affected by the "thermal sink" phenomenon, thus it can effectively treat tumors located near large vessels, such as the heart.
